Objectives: Large population-based studies on the incidence and outcome of non-small cell lung cancer (NSCLC) are lacking in mainland China. This study aimed to investigate the NSCLC incidence, demographic features and survival as well as factors affecting survival of patients with NSCLC in Shanghai.
INTRODUCTION
Lung cancer remains the most frequently diagnosed cancer worldwide and the leading cause of cancer-related death in China. 1 2 Non-small cell lung cancer (NSCLC) accounts for about 85% of lung cancer. 3 According to the Surveillance, Epidemiology and End Results (SEER) registry, the incidence of NSCLC is 42.6 per 100 000 people (49.7 per 100 000 for men and 37.2 per 100 000 for women; adjusted to the US standard population, 2011). 4 In contrast to the decreasing trend of lung cancer incidence in developed countries, its incidence continues to increase in developing countries, especially in China. 5 For patients with early-stage NSCLC, including stage I and II and a subset of stage III disease, the standard and potentially curative treatment is radical resection. 6 In a majority of patients, NSCLC is usually diagnosed at an advanced stage, and curative surgical resection is often impossible. Large population-based studies in Western countries have indicated that the overall 1-year survival rate of NSCLC is 30-46%. 7 8 The SEER registry reports the 5-year survival rate of NSCLC as being 19%. 4 Although some population-based studies on the epidemiology and prognosis of NSCLC in Western countries have been published, few studies have been conducted to investigate the characteristics of NSCLC in China. Available Chinese studies on NSCLC are mainly based on the national or local
Strengths and limitations of this study
▪ This is a population-based study that provides the incidence, demographic features and survival of non-small cell lung cancer (NSCLC) in mainland China. ▪ The present study also provides treatments and reported outcomes (overall and by clinical stage) of NSCLC in China, not provided in previous studies. ▪ One limitation is that some important features of patients with NSCLC such as smoking status, performance status and body weight were not available in the database.
cancer registry of China, such as National Central Cancer Registry (NCCR) and Sihui Cancer Registry, which analyse lung cancer as a whole (including small cell lung cancer), and only report the incidence and mortality. 2 9 To the best of our knowledge, populationbased studies in the Chinese population have never been conducted to estimate the NSCLC incidence and overall survival (OS) as well as the demographic features and prognostic factors of NSCLC.
In this population-based study, information was collected from Shanghai Health Information Network. The epidemiological features, and survival and prognostic factors of OS were investigated in patients with NSCLC.
MATERIALS AND METHODS Ethics statement
Written informed consent was not obtained from patients as it was not required, since a unique ID was allocated to each patient to replace identifiable personal information by the source database administrator before analysis, and also since it was specifically waived by the Institutional Review Board.
Data source
Data analysed in this study were obtained from the Shanghai Health Information Network, which is organised and funded by the Shanghai Municipal Commission of Health and Family Planning (former Shanghai Municipal Bureau of Health). 10 This network automatically and dynamically integrates the data of Health Information Systems (HIS) from all the public healthcare facilities of Shanghai, aiming to facilitate a comprehensive utilisation of health records by patients, healthcare professionals and health management organisations. Therefore, comprehensive healthcare data including demographic, diagnostic and treatment information for each patient are available from this network database. This network was initiated in 2011 and it has covered all the comprehensive hospitals and specialist hospitals qualified for cancer diagnosis in the Shanghai metropolitan area in 2013. Only the network database administrator, as a third party, is authorised to extract information from the database.
NSCLC cases were identified using the primary site coding system of the International Classification of Disease for Oncology 3rd Revision (ICD-10) from the WHO and the pathological findings in the medical records. The diagnosis of NSCLC was confirmed by tissue diagnosis.
Age, sex, histological subtype, treatments, and tumour, node and metastasis (TNM) score were also collected from the database. Clinical as well as pathological TNM information was accepted and coded to the TNM classification based on the TNM classification of malignant tumours (seventh edition). 11 We prioritised the coded TNM stage where coded stage and recorded stage were both available.
The deadline of the follow-up was set on 31 January 2015. The end point mortality data were matched using the municipal death registration system. The population demographics in this study were obtained from the Shanghai Statistical Year Book 2012 and 2013 of Shanghai Statistics Bureau.
12 Incidence was age-standardised (per 100 000 person-years) using the World Standard Population as proposed by Segi, 13 and modified by Doll and Cook.
14 Case selection and inclusion criteria From 1 January 2011 to 31 December 2013, 15 020 patients with NSCLC were identified in Shanghai. All of these patients were recruited to depict the epidemiological features of NSCLC at diagnosis.
Since this network was established in 2011, but covered all the qualified hospitals for cancer diagnosis in Shanghai in 2013, most patients identified in the database were diagnosed in 2013 (n=12 996). Patients who were diagnosed in 2013 were selected to calculate the yearly incidence of NSCLC.
In survival analysis, patients were excluded if the following conditions were present: (1) patients had missing vital status before 31 January 2015; (2) patients had unspecified T, N or M stage, while patients with stage specified as 'X' or 'cannot be accessed' were included; (3) patients had incomplete baseline information (gender, age or histological subtype). Survival time was calculated by subtracting the date of diagnosis from the date of death or the deadline of the study. Finally, 2013 patients were included in survival analysis (figure 1).
Statistical analysis
The incidence of NSCLC in 2013 was calculated by dividing the number of newly diagnosed patients with NSCLC identified from the inpatients database by the number of Shanghai permanent residents in the Shanghai Statistical Yearbook. The χ 2 test was employed to compare the baseline characteristics between patients with and without surgical resection. Kaplan-Meier method was used to evaluate the survival rate of NSCLC by cancer stage and treatment (surgical resection vs no surgical resection). To investigate the factors affecting the OS, the following clinicopathological factors were included in the univariate Cox proportional hazard model analysis: age, gender, tumour size (T), regional lymph node status (N), metastasis (M), TNM stage, histology, surgery and chemotherapy. Since TNM stage is basically a combination of T, N and M scores, TNM stage was excluded from the multivariable Cox model while T, N and M scores were still included as potential prognostic factors. To further explore the influence of surgery on the survival, patients were stratified by TNM stage. The proportional hazard hypothesis was visually checked with log-log curves. A value of two-sided p<0.05 was considered statistically significant. Statistical analysis was conducted using SAS V.9.4 (SAS Institute, Inc, Cary, North Carolina, USA). Univariate analysis showed that patients who were female or younger and had smaller tumour size, no figure 3 ).
RESULTS

Incidence of NSCLC
DISCUSSION Incidence
To the best of our knowledge, this was the first population-based study to describe the epidemiological characteristics of NSCLC in mainland China. Our results showed the crude incidence of NSCLC in 2013 was 54.20 per 100 000 people (55.90 per 100 000 for men and 52.39 per 100 000 for women) with an age-adjusted incidence of 39.05 per 100 000 people (41.43 per 100 000 for men and 37.13 per 100 000 for women).
Compared with the SEER registry, a population-based national cancer registry covering approximately 28% of the population in the USA and 50% of Asians in the USA, the crude incidence in our study was higher than that of all races in the SEER registry (42.6 per 100 000 people overall, 49.7 per 100 000 for men and 37.2 per 100 000 for women, adjusted to the US standard population in 2011) and that of the Chinese group (52.0 per 100 000 for men and 29.9 per 100 000 for women, 2004-2008). 4 15 One possible explanation for the higher crude NSCLC incidence in our study could be the ageing of the Chinese population, as an older age has been identified as an independent risk factor for NSCLC. 6 Population ageing is especially obvious in Shanghai, where 27% of the population was older than 60 years of age in 2013, 16 while a mere 16.5% of the US population was older than 60 years of age in 2000. 17 Most available population-based studies investigate lung cancer as a whole, including both NSCLC and small cell lung cancer. GLOBOCAN database, which is from population-based cancer registries worldwide and referenced by WHO, reports an incidence of lung cancer of 50.4 per 100 000 for men and 19.2 per 100 000 for women in East Asia in 2012. Sihui, a city in south China, is reported to have had a yearly incidence of lung cancer of 37.98 per 100 000 people overall, 60.26 per 100 000 for men and 20.29 per 100 000 for women, between 2007 and 2011, based on the local cancer registry. 9 Both examples are adjusted by Segi's World Standard Population. Estimating the NSCLC incidence as 85% of lung cancer incidence, the NSCLC incidence in our study was slightly higher than those listed above, which was largely due to the higher incidence in women in our study. According to the National Central Cancer Registry 2010 in China, the incidence of lung cancer in China was 36.39 per 100 000 people. 18 When compared with the estimated NSCLC incidences, there was an 8% increase in NSCLC incidence per year from 2010 to 2013. This was consistent with previous findings that the incidence of lung cancer is increasing in China. 1 19 20 For example, in the Sihui study, a 6% increase was reported in the annual incidence of lung cancer for women and an 11% increase for men, from 2005 to 2010. 9 Except for the effect of population ageing, several other factors may contribute to this higher and increased NSCLC incidence in our study. First, the smoking prevalence in China has dramatically increased in the past two decades. Although the cigarette smoking rate has peaked and decreased in the USA and several other areas in recent years, the prevalence of smoking in China remains at a high level, and China has become one of those countries with the highest smoking prevalence in the world. 19 21 According to the 2010 report of China Global Adults Smoking Survey (GATS), 53% of men aged 15 years and above are current smokers. 22 Considering that smoking is the main risk factor of NSCLC, this high smoking prevalence in the past three decades in China is closely related to the increasing prevalence of lung cancer. 6 The relationship between smoking and lung cancer is also confirmed in a study by Gomez et al. Gomez et al 23 found a significant decline in the incidence of squamous cell lung cancer among foreign-born Chinese Americans from 1900 to 2004, accompanied by a temporal decline in current smoking prevalence within the same group, while the incidence was stable for adenocarcinoma, which is less closely associated with tobacco smoke than squamous cell lung cancer. Another factor related to this higher incidence is the higher diagnosis rate due to improved oncology services in Shanghai, as it is one of the most developed cities in China. 24 Of note, a higher ratio of NSCLC incidence was observed in women as compared to men in this study (0.90), while this ratio was 0.75 and 0.40 in the SEER study and GLOBLECAN report, respectively. 1 4 The higher risk for lung cancer in Chinese women after considering smoking status was also found by Boffetta and Parkin, 25 and Epplein et al. 26 The reasons for the higher incidence of lung cancer among Chinese women are unclear, but might be partly ascribed to household air pollution due to cooking fumes and unventilated coal-fuelled heating stoves. [27] [28] [29] Besides, considering the high overall smoking prevalence in China, secondhand smoke may also be a critical risk factor for NSCLC in non-smokers, typically women. A nationwide crosssectional survey conducted in 15 540 Chinese adults showed that, in 2000-2001, more than 49.2% of adult female non-smokers reported exposure to tobacco smoke, while this proportion was only 35% according to international data from 192 countries in 2004. 30 31 This suggests an additional risk for lung cancer in Chinese women.
Survival
A better survival rate (overall and stage-specified) was observed in this study as compared to that in previously published population-based studies on groups of non-Asian ethnicity, though different population-based lung cancer databases showed different outcomes. 35 No population-based study has been conducted to investigate the characteristics of NSCLC in mainland China.
The better survival outcome observed in this study may be related to several factors. First, Asian ethnicity has been recognised as an independent favourable prognostic factor for OS among patients with NSCLC. 36 37 Asian patients with NSCLC showed distinct response to cytotoxic chemotherapy when compared with white patients. For example, Gandara et al 38 reported a 3-month increase in the median OS of Japanese patients over white patients receiving chemotherapy with the same paclitaxel plus carboplatin regimen; this regimen is also one of the routine regimens for chemotherapy for advanced NSCLC in China. At the same time, epidermal growth factor receptor (EGFR) mutation confers survival benefit independent of treatment in NSCLC, 39 40 while the East Asian population has the highest incidence of EGFR mutation. 41 42 Meanwhile, advances in treatment in recent years, such as the introduction of target agents and adjuvant chemotherapy after complete resection, may improve the survival of patients with NSCLC.
Similar to previous studies, our results showed that female gender, younger age, smaller tumour size, no lymph node metastasis and no distant metastasis, were related to a better survival rate. The evaluation of impact of surgery on the survival of patients at different TNM stages showed that patients with stage IIIa or IIIb/ IV NSCLC who underwent surgical resection had improved survival. This suggests surgical intervention may improve the survival, even for patients with advanced NSCLC, though the details of therapeutic modality still need to be investigated. Currently, there are controversies on the role of surgery in stage IIIa NSCLC. According to the Chinese guidelines for lung cancer, surgical resection is the current standard treatment for patients with stage I to stage IIIA NSCLC; some patients with stage IV NSCLC with single metastasis are also suitable for surgery. 43 Goldstraw et al 44 proposed that "current evidence supports an expansion in surgery as part of multimodality management of patients with N2 disease, and greater uptake in patients who are willing to accept higher risks," which may be ascribed to the improvements in diagnostic imaging and endoscopic techniques. In multivariate analysis, chemotherapy was also shown as a protective prognostic factor, suggesting that a confounding factor does exist in the univariate analysis.
Our study had several strengths. First, this was the first study, to the best of our knowledge, to evaluate the incidence, survival and prognostic factors of NSCLC, based on a large population in mainland China. Existing Chinese studies, mainly the national and local annual cancer registry reports, investigate lung cancer as a whole, and only report incidence and mortality, because limited information is offered by the cancer registration report cards used by the registry system. By contrast, based on the HIS system within the Shanghai Health Information Network, not only can NSCLC cases be specifically identified, but clinicopathological information and treatments are also available. At the same time, our study offered a higher but comparable incidence to that of the existing cancer registration systems, with consistent constitutions of gender and TNM staging in NSCLC cases with other studies, which confirms the reliability of our findings. Furthermore, this study was based on data through 2013, whereas the most recently NSCLC population-based studies from other Asian countries or districts recruited data of 2010. 28 34 Last, our study reported a higher incidence of and better survival rates for NSCLC as compared to previous studies, which may provide a fresh and meaningful perspective for the evaluation of NSCLC diagnosis and treatment, However, this study also had several limitations. First, as a retrospective study, some important features of patients with NSCLC, such as performance status, body weight and details of treatment, were not available in the database. Specifically, patients' smoking status was unavailable. As a known prognostic factor, its absence may lead to residual confounding. 45 In addition, since the network database is newly established, though important variables such as diagnosis and demographic information are available, the TNM classification and histological subtype were still unavailable in several patients. Therefore, it was difficult to calculate the incidence stratified by or adjusted for these variables. Non-availability of detailed records of diagnosis and treatment also handicapped us in conducting further analysis. However, selection bias can be considerably diminished in the survival analysis as only patients with known potential prognostic factors were included. At last, the duration of follow-up time was short (median: 21.5 months) because the network database has been newly established. Thus, long-term follow-up is required to determine the survival of patients with NSCLC, especially of those with early-stage NSCLC. 
CONCLUSION
The present study shows a higher incidence and a better survival rate for Chinese patients with NSCLC. High smoking prevalence and the consequent high environment tobacco exposure may be related to the higher NSCLC incidence both overall and in women. In addition to female gender and younger age, surgical resection is found as a protective prognostic factor for NSCLC at stage IIIa and above.
